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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fabrication 
method of semiconductor device in' which an isolation 
film Is prevented from being broken by the secondary 
electrons of plasma in forming a metal film on an 
element fabricated on the surface of a semiconductor 
substrate. 

SOLUTION: Ti 6a is deposited by sputtering on a 
semiconductor substrate 10 where an element is formed 
on the surface thereof. The Ti 6a is deposited using a 
general DC magnetron sputtering system under 
conditions of Ar gas pressure of 1 mTorr and DC power 
of 4.4 kW. Under that deposition conditions, the Ti layer 
6a is continuous in the initial deposition stage of 1 sec 
after starting discharge and local charge up is prevented 
even if the Ti layer 6a is charged with secondary 
electrons generated by sputtering plasma. A Ti layer 6a 
of about 300 &angst; thick is formed on the entire 
surface by subsequent sputtering. 
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* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. • 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS "~ ' ' _ 



[Claim(s)] ' 

[Claim 1] It is the manufacture approach of the semiconductor device characterized by being 
carried out on the conditions from which the metal membrane by which the formation process of 
said metal membrane continued even after [ of membrane formation initiation ] 1 second in the 
manufacture approach of a semiconductor device of having the process which forms a 
component on a silicon substrate/and the process which forms a metal membrane on said 
component is obtained. 

[Claim 2] Said metal membrane is the manufacture approach of the semiconductor device 
according to claim 1 characterized by being formed of sputtering 

[Claim 3] | Said conditions are the manufacture approach of the semiconductor device according 
to claim 2 characterized by setting direct current power when forming a metal membrane to 4 
thru/ or 1 0kW. 

[Claim 4] Said metal membrane is the manufacture approach of the semiconductor device 
according to claim 1 characterized by being formed of plasma chemistry vapor growth 
LCIaim 5J Said metal membrane is the manufacture approach of a semiconductor device given in 
claim 1 characterized by consisting of a metal which reacts with silicon and forms metal silicide 
thru/or any 1 term of 4. 

[Claim6] Said metal membrane is the manufacture approach of the semiconductor device 
according to claim 5 characterized by consisting of at least one sort of metals chosen from the 
group which consists of Ti, Co. nickel, Mo, W, and Ta. 

[Claim 7] The process which forms a component on said silicon substrate is the manufacture 
approach of a semiconductor device given in claim 1 characterized by having the process which 
forms an insulator layer alternatively on said silicon substrate, the process which forms a gate 
electrode on said insulator layer, and the process which forms a diffusion layer in the front face 
of said silicon substrate thru/or any 1 term of 6. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] - 
[0001] 

[Field of the Invention] In the production process of a semiconductor device/this invention can 
prevent destruction of the. insulator layer formed on the semi-conductor substrate, and relates 
to the manufacture approach of a semiconductor device that a reliable semiconductor device 
can be manufactured by the high yield by this 
[0002] 

[Description of the Prior Art] Recently, detailed-ization of a component is advanced with 
detailed-.z.ng of semiconductor integrated circuits, such as LSI. For example, while the impurity 
diffused layer used as a source-drain field is formed shallowly, low area is formed and wiring 
which connects between components is also formed into low width of face Therefore an 
impurity diffused layer and the electric resistance in wiring increase, and it has been the failure 
of improvement in the speed of component actuation. Then, in the conventional semiconductor 
device, by forming a refractory metal silicide layer on the surface of an impurity diffused layer 
resistance is reduced and improvement in a component working speed is aimed at The thing ' 
using T. s.hc.de layer is proposed as one example of a semiconductor device which aimed at 
improvement in a component working speed (USP4 855 798) 

[0003] Dj^wing^ (a) thru/or 5 (d) are the sectional views showing the manufacture approach of 
the conventional semiconductor device of having aimed at improvement in a working speed using 
Ti silic.de layer, m order of a process. As shown in drawing_5 (a), the component demarcation 
membrane 1 1 wh.ch cons.sts of an insulator layer is alternatively formed in the front face of the 
semiconductor substrate 20, and this divides a component field. Next, on the front face of this 
component field, after carrying out sequential membrane formation of an oxide film (not shown) 
and the polish recon film (not shown), the gate electrode 13 which consists of the gate oxide 14 
and the pol.sh recon film which consist of an oxide film is formed by carrying out patterning of 
these to a gate configuration . by the lithography method and the dry etching method Then the 
side-attachment-wall insulator layer 12 which becomes the side-attachment-wall section of the 
gate e ectrode 13 from the oxide film which remained is formed by forming an oxide film (not 
shown) all over these, and carrying out the etching back of this oxide film. Then, ion is poured in 
from these upper parts and a diffusion layer 15 is alternatively formed by heat-treating a 
substrate 20. 

[0004] Then, the wet etching which used the fluoric acid which had the natural oxidation film (not 
shown) formed on the gate electrode 13 and the diffusion layer 15 diluted removes. Then as 
shown in dntwing_5 (b), Ti film 19b is formed by about 300A thickness on these front faces by 
sputtering. • 

t°c°o 53 Ju 6 u 35 Sh ° Wn ^ (cX Ti silicide la y er 1 7 of 49 layers of C which consists of 

, I °L ?5 resistance is formed in the field to which the field where Ti film 1 9b and the gate 
electrode 13 touch, and Ti film 19b and a diffusion layer 15 touch in self align by heat-treating to 
a substrate. Since it has heat-treated under nitrogen-gas-atmosphere mind at this time, the TiN 
layer 1 8 of thickness with a divisor of 1 0A is formed in the front face of Ti film 1 9b 
L0006] Then, as shown in drawing 5 (d), unreacted Ti film 19c on the component demarcation 
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membrane 11 and the side-attachment-wall insulator layer 12 and the TiN layer 18 are removed. 
Then, Ti silicide layer 17 of high resistance is transferred to Ti silicide layer of 54 layers of C 
which consfsts of TiSi2 of low resistance by heat-treating under nitrogen-gas-atmosphere mind 
to a feubstrate. Thus, in the conventional semiconductor device, the front face of a diffusion layer 
15 is formed into low resistance, and improvement in the working speed of a component is aimed 
at. 

[0007] However, in manufacturing a semiconductor device by the manufacture approach shown 
in drawing 5 , there is a trouble shown below. That is, the secondary electron contained in the 
plasma etc. at the time of sputtering may run through gate oxide 14 from Ti film 19b, and may 
flow to a substrate 20. Thus, if a current flows between Ti film 1 9b and a substrate 20, the 
insulation of gate oxide 14 will be destroyed and it will result in a poor proof pressure. Thereby, 
while the dependability of a semiconductor device falls remarkably, the manufacture yield of a 
semiconductor device falls. 

[0008] Then, the approach of forming Ti film using the usual not the sputtering method but 
collimation sputtering method is proposed as an approach of preventing destruction of the gate 
oxide 14 by electrification of a secondary electron. Drawing 6 is the mimetic diagram showing the 
usual sputtering method by DC magnetron, and drawin g 7 is the mimetic diagram showing the 
collimation sputtering method. As shown in drawing 6 and drawing 7 , the target 31 is arranged in 
the sputtering system (not shown), and the cathode magnet 36 is arranged on the top face of 
this target 31. And on the stage 34 arranged under the target 31, after arranging a substrate 33, 
the plasma 32 is generated between a substrate 33 and a target 31, and Ti film is formed on a 
substrate 33. The membrane formation approach of this Ti film is the same, when using the usual 
sputtering approach and using the collimation sputtering method. 

[0009] However, since the plasma 32 is generated by right above [ of a substrate 33 ] when 
using the usual sputtering method as shown in drawing 6 , a secondary electron tends to jump 
into a substrate 33. On the other hand, in the collimation sputtering method shown in drawing 7 , 
the collimator 35 is arranged between a substrate 33 and the plasma 32. In case two or more 
holes which penetrate this collimator 35 in parallel with that direction of board thickness are 
prepared and the plasma 32 passes the hole of a collimator 35, the trap of the secondary 
electron from the plasma 32 is carried out to a collimator 35. Therefore, it can control that 
dielectric breakdown of gate oxide 14 shown in drawing 5 occurs. 
[0010] 

[Problem(s) to be Solved by the Invention] However, since Ti film adheres to a collimator 35 and 
the path of a collimator 35 contracts in using the collimation sputtering method shown in drawing 
7 , amendment of a membrane formation rate is needed with consumption of a target, and there 
is a trouble that management is difficult. Moreover, since Ti film adheres to a collimator 35, the 
consumption effectiveness of a target falls and a manufacturing cost rises. These serve as a big 
trouble, when manufacturing a semiconductor device in large quantities. Originally, even if the 
collimation sputtering method is the case that the aspect ratio which shows the depth of the 
hole to the path of the hole formed in the substrate front face is large, it is an approach for 
forming the film in the state of good covering on the base of a hole. Therefore, in the formation 
process of Ti film with which high covering nature is not demanded, using the collimation 
sputtering method has few advantages, when an above-mentioned trouble is taken into 
consideration. 

[0011] Thus, if the case where a semiconductor device is mass-produced is taken into 
consideration, even if it is desirable to form membranes by the usual sputtering method as for Ti 
film for forming Ti silicide film and it uses this approach, it is required that the manufacture 
approach of a semiconductor device which dielectric breakdown of gate dielectric film 14 does 
not generate should be established. 

[001 2] When this invention is made in view of this trouble and it forms a metal membrane on the 
component of a semi-conductor substrate front face, it aims at offering the manufacture 
approach of the semiconductor device which can control that the insulator layer of a component 
is destroyed by the secondary electron of the plasma. 
[0013] 
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[Means for Solving the Problem] In the' manufacture approach of a semiconductor device of 
having the process at which the manufacture approach of the semiconductor device concerning 
this invention forms a component on a silicon substrate, and the process which forms a metal 
membrane on said component, the formation process of said metal membrane is characterized 
by being carried out on the conditions from which the metal membrane which continued even 
after [ of membrane formation initiation ] 1 second is obtained. 

[0014] As for this metal membrane, it is desirable to form membranes on the conditions which 
could form by sputtering and set direct current power to 4 . thru/or 10kW in this case. Moreover, 
said metal membrane can also be formed by plasma chemistry vapor growth. 
[0015] Furthermore, said metal membrane shall consist of at least one sort of metals chosen ■ 
from the group which shall consist of a metal which reacts with silicon and forms metal silicide, 
for example, consists of Ti, Co, nickel, Mo, W, and Ta. 

[0016] Furthermore, the process which forms a component on said silicon substrate can have 
the process which forms an insulator layer alternatively on said silicon substrate, the process 
which forms a gate electrode on said insulator layer, and the process which forms a diffusion 
layer in the front face of said silicon substrate again. 

[0017] In addition, in this invention, the continuous film means [ be / it / under / .graph / which 
took the sheet resistance of a metal membrane to the Y-axis, and took sputtering time amount 
to the X-axis / setting ] the case where the actual measurement of the sheet resistance by 
sputtering time amount is approximated by formula Y=a/X (a is a constant). However, this actual 
measurement does not need to be on the above-mentioned formula strictly, and an actual 
measurement should just be in less than **40% of range from the above-mentioned formula. 
[0018] As a result of doing experiment research variously, when a metal membrane was formed 
on a component by the conventional manufacture approach that this invention person etc. 
should prevent destruction of the insulator layer by the secondary electron of the plasma, in the 
early stages of membrane formation, that a metal membrane adheres to a component front face 
as island-like discontinuity film found out that it was the cause of dielectric breakdown. That is, 
as shown in drawing 4 (a), after starting membrane formation of Ti film (metal membrane) 19a, in 
early stages of 2 thru/or the membrane formation for 3 seconds, Ti film 19a adheres to a 
component front face as discontinuity film of an island condition, and continuous Ti film is 
formed after that. Since discontinuous Ti film 19a in early stages of [ this ] membrane formation 
is in the condition of having floated electrically, the secondary electron contained in the plasma 
for sputtering etc. is charged in Ti film 19a, and the local charge up of high potential happens. 
Therefore, when charge-up potential is raised more than a certain threshold, it runs through the 
insulator layer 14 which exists under Ti film 19a, and a current flows to a substrate 20. 
Especially discontinuous Ti film 19a formed on the gate electrode 13 will run through gate oxide 
14 through the gate electrode 13 which has floated electrically, and a current will flow to a 
.substrate 20. Therefore, the insulation of gate oxide is destroyed and it results in a poor proof 
pressure. 

[0019] Then, in this invention approach, the continuation film was obtained in early stages of 
membrane formation. That is, in this invention, as shown in drawing 4 (b), even after [of 
membrane formation initiation of Ti film ] 1 second, it is the conditions in which continuous Ti 
film (metal membrane) 6a is formed, and Ti film is formed on a component. Therefore, since the 
local charge up does not occur even if the secondary electron generated by the plasma etc. is 
charged in Ti film 6a, it can prevent that gate oxide 4 is destroyed and, thereby, a reliable 
semiconductor device can be manufactured by the high yield. 
[0020] 

[Embodiment of the Invention] Hereafter, the semiconductor device concerning the example of 
this invention is concretely explained with reference to an attached drawing. Drawin g 1 (a) 
thru/or 1 (d) are the sectional views showing the manufacture approach of the semiconductor 
device concerning the example of this invention in order of a process. As shown in drawing 1 (a), 
the component demarcation membrane 1 which consists of an insulator layer is alternatively 
formed in the front face of the semi-conductor substrate 10, and this divides a component field. 
Next, on the front face of this component field, after carrying out sequential membrane formation 
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of an oxide film (not shown) and the polish recon film (not shown), the gate electrode 3 which 
consists of the gate oxide 4 and the polish recon film which consist of an oxide film is formed by 
carrying out patterning of these to a gate configuration by the lithography method and the dry 
etching method. Then,, the side-attachment-wall insulator layer 2 which becomes the side- 
attachment-wall section of the gate- electrode 3 from the oxide film which remained is formed by 
forming an oxide film (not shown) all over these, and carrying out the etching back of this oxide 
film. Then, ion is poured in from these upper parts and a diffusion layer 5 is alternatively formed 
by heat-treating a substrate 10. 

[0021] Then, the wet etching which used the fluoric acid which had the natural oxidation film (not 
shown) formed on the gate electrode 3 and the diffusion layer 5 diluted removes. Then, as shown 
in drawing 1 (b) and 1 (c), Ti film 6a is formed by the sputtering method on these front faces. In 
this example, Ti film 6a is formed using common DC magnetron sputtering system, the pressure 
of for example, Ar gas of membrane formation conditions is ImTorr, and DC power (direct 
current power) is 4.4kW. Under these conditions, in the membrane formation early stages of after 
[ of discharge starting ] 1 second, as shown in drawing 1 (b), Ti film 6a is the continuation film, 
and even if the secondary electron generated by the plasma for sputtering etc. is charged, the 
local charge up is not started. Then, Ti film 6a of about 300A thickness is formed in. the whole 
surface by carrying out sputtering succeedingly. 

[0022] Then, as shown in drawing 1 (d), Ti silicide layer 7 of 49 layers of C which consists of 
TiSi2 of high resistance is formed in the field to which the field where the gate electrode 3 
touches Ti film 6a, and Ti film 6a and a diffusion layer 5 touch in self align by using a lamp 
annealer and carrying out heat treatment for 30 seconds at 700 degrees C under nitrogen-gas- 
atmosphere mind. Since it has heat-treated under, nitrogeh-gas-atmosphere mind at this time, 
the TiN layer 8 of thickness with a divisor of 10A is formed in the front face of Ti film 6a. 
[0023] Then, as shown in drawi ng 1 (e), the water solution of ammonia and hydrogen peroxide 
solution removes unreacted Ti film 6b on the component demarcation membrane 1 and the side- 
attachment-wall insulator layer 2, and the TiN layer 8. Then, Ti silicide layer 7 of high resistance 
is transferred to Ti silicide layer of 54 layers of C which consists of TiSi'2 of low resistance by 
using a lamp annealer and carrying out heat treatment for 10 seconds at 850 degrees C under 
nitrogen-gas-atmosphere mind. 

[0024] In this example, as shown in drawing 1 (b), in case Ti film 6a is formed by sputtering, also 
in the membrane formation early stages of after [ of discharge starting ] 1 second, an island 
condition will not be dotted by Ti film but it will turn into continuation film. Drawing 2 is the 
graphical representation showing the sheet resistance of the case where took sheet resistance 
along the axis of ordinate, took sputtering time amount along the axis of abscissa, and sputtering 
power is set to 4.4kW, and the case where sputtering power is set to 1.1 kW, and the relation of 
sputtering time amount. In addition, in drawing 2 , the actual measurement of the sheet 
resistance by sputtering time amount when O sets sputtering power to 4.4kW is shown, and ** 
shows the measured value of the sheet resistance by the sputtering time amount at the time of 
setting sputtering power to. 1.1 kW. Moreover, in drawing 2 , since sputtering time amount is 
proportional to thickness, it can also be considered that an axis of abscissa is thickness. 
Generally, the sheet resistance and thickness of the continuation film have the relation shown in 
the following formula 1, and sheet resistance and thickness have the relation of an inverse 
proportion. 

[0025] ' 

[Equation 1] Sheet resistance = specific resistance / thickness, however specific resistance are 
fixed. 

[0026] Fitting [ with the least square method ] using approximation function Y=a/X equivalent. to 
the above-mentioned formula 1 as sputtering power is shown in the continuous line 21. in drawing 
in this example set to 4.4kW. That is, when sputtering power is set to 4.4kW, Ti film which 
continued 0.2 seconds after starting discharge is formed. On the other hand, if fitting is similarly 
carried out using approximation function Y=a/X when sputtering power is set to 1.1 kW, as shown 
in the continuous line 22 in drawing, a surveying point and a fitting curve will shift greatly. This 
shows that a part of surveying point has not satisfied the above-mentioned formula 1. 
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[0027] Then, if fitting is carried out except for the surveying point of about 3 seconds after 
about the case where sputtering power is set to 1.1 kW, using approximation function Y=a/(X-b) 
after starting discharge, as shown in the wavy line 23 in drawing, an approximation function and 
an actual measurement are in agreement like the case where sputtering power is set to 4.4kW. It 
is shown that the removed surveying point has not. satisfied the above-mentioned formula by 
this.. That is, when sputtering power is set to 1.1 kW, after starting discharge, the continuation 
film is not formed in about 3 seconds, but being dotted with discontinuous Ti film of an island 
condition on a component is shown. In addition, if spacing of the adjacent film and the adjacent 
film is several angstroms thru/or several 10A even if it is the discontinuity film with which it is 
dotted, since a current will flow according to the tunneling effectiveness also on several V 
electrical potential difference, it can measure as sheet resistance. Then, in this invention, it is 
considered that the film with which it continued when the actual measurement of the sheet 
resistance by sputtering time amount was approximated by formula Y=a/X (a is a constant) was 
formed. However, this actual measurement shall not be on the above-mentioned formula strictly, 
and an actual measurement shall just be in less than **40% of range from the above-mentioned 
formula. 

[0028] Drawing 3 is the graphical representation showing the defect incidence rate at the time of 
taking the defect incidence rate of gate pressure-proofing along an axis of ordinate,, and forming 
Ti film by different sputtering power. In addition, the defect incidence rate was compared, when 
Ti film for forming Ti silicide layer on the example conditions (sputtering power: 4.4kW) in which 
the continuation film is formed even after [ of membrane formation initiation ] 1 second was 
formed, and when membranes were formed on the example conditions of a comparison 
(sputtering power: 1.1 kW) that discontinuous Ti film of an island condition is formed in about 3 
seconds after carrying out membrane formation initiation. 

[0029] The measuring method of a defect incidence rate is explained below. First, after 
producing the test piece of the structure shown in drawing 1 (a) as a test pattern, the formation 
and removal of Ti film by sputtering are carried out on the front face, and the seal of approval of 
the electrical potential difference of 0 thru/or 12V is carried out in adjustable between a gate 
electrode and a substrate. At this time, the electrical potential difference on which dielectric 
breakdown of the gate oxide is carried out, and a high current flows is measured, and the case 
where this electrical potential difference is less than [ 3V ] is judged as a defect. And the 
number of defects to the number of point of measurement . is calculated as a percent defective. 
In addition, in the case of the normal gate oxide by which dielectric breakdown is not carried out, 
it depends also at the thickness and area, but thickness is about 100A, and if area is 2 about 
32mm, the pressure resistance of about 10 V can be acquired, for example. 
[0030] As shown in drawing 3 , when Ti film was formed having used sputtering power as 4.4kW, 
since it was the conditions in which Ti film which continued even after [ of membrane formation 
initiation of Ti film ] 1 second is formed, this condition had the very low proof-pressure percent 
defective of gate oxide,' and became 0.58%. On the other hand, since the discontinuity film of an 
island condition is formed in about 3 seconds after starting discharge when Ti film is formed 
having used sputtering power as 1.1 kW, a percent defective becomes 1 4.53% and the percent 
defective is increasing by about 25 times as compared with an example. Thus, on conditions in 
which the continuation film is formed even after [ of membrane formation initiation ] 1 second, if 
Ti film is formed by sputtering, the effectiveness which controls generating of the poor proof ' 
pressure of gate oxide can be acquired. 

[0031] In addition, in the example shown in drawing 1 , although conditions in which the 
membrane formation rate of Ti film is raised and the continuation film is formed even after [ of 
membrane formation initiation ] 1 second by making DC power higher than the conventional 
range were set up, conditions other than DC power may . be changed in this invention.. For 
example, if it is the conditions which can form the metal membrane which continued even after 
[ of membrane formation initiation ] 1 second even if it optimizes other membrane formation 
parameters, such as gas pressure at the time of sputtering, or uses the approach of optimizing 
the cathode magnet for discharge, the same effectiveness as the case where sputtering power is 
set to 4.4kW can be acquired. 
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[0032] Moreover, in this invention, although the above-mentioned example showed the case 
where sputtering was used as the membrane formation approach of Ti film, even if it forms Ti 
film for example, on the conditions specified to this invention using a plasma-CVD method etc., 
the same effectiveness can be acquired. Furthermore, in the above-mentioned example, in order 
to form Ti silicide layer, the conditions at the time of membrane formation of Ti film were shown, 
but in this invention, for example like Co, nickel, Mo, W, and Ta, if it is the metal membrane which 
reacts with silicon and forms a silicide layer, the same effectiveness can be acquired. 
[0033] . ' . ■ 

[Effect of the Invention] Since according to this invention the membrane formation conditions of 
the metal membrane formed on a component are specified appropriately and the. continuation 
film is formed even after [ of membrane formation initiation of. a metal membrane ] 1 second as 
explained in full detail above, destruction of the insulator layer generated when a metal 
membrane is charged can be prevented, and, thereby, a reliable semiconductor device can be 
manufactured by the high yield. 



[Translation done,] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention]. In the production process of a semiconductor device, this invention can 
prevent destruction of the insulator layer formed on the semi-conductor substrate, and relates 
to the manufacture approach of a semiconductor device that a reliable semiconductor device 
can be manufactured by the high yield by this. 



[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] Recently, detailed-ization of a component is advanced with 
detailed-izing of semiconductor integrated circuits, such as LSI. For example, while the impurity 
diffused layer used as a source-drain field is formed, shallowly, low area is formed and wiring 
which connects between components is also formed into low width of face. Therefore, an 
impurity diffused layer and the electric resistance in wiring increase, and it has been the failure 
of improvement in the speed of component actuation. Then, in the conventional semiconductor 
device, by forming a refractory metal silici.de layer on the surface of an impurity diffused layer, 
resistance is reduced and improvement in a component working speed is aimed at. The thing 
using Ti silicide layer is proposed as one example of a semiconductor device which aimed at 
improvement in a component working speed (USP4,855,798), 

[0003] Drawing 5 (a) thru/or 5 (d) are the sectional views showing the manufacture approach of 
the conventional semiconductor device of having aimed at improvement in a working speed using 
Ti silicide layer, in order of a process. As shown in drawing 5 (a), the component demarcation 
membrane 1 1 which consists of an insulator layer is alternatively formed in the front face of the 
semi-conductor substrate 20, and this divides a component field. Next, on the front face of this 
component field, after carrying out sequential membrane formation of an oxide film (not shown) 
and the polish recon film (not shown), the gate electrode 13 which consists of the gate oxide 14 
and the polish recon film which consist of an oxide film is formed by carrying out patterning of 
these to a gate configuration by the lithography method and the dry etching method. Then, the 
side-attachment-wall insulator layer 12 which becomes the side-attachment-wall section of the 
gate electrode 13 from the oxide film which remained is formed by forming an oxide film (not 
shown) all over these, and carrying out the etching back of this oxide film. Then, ion is poured in 
from these upper parts and a diffusion layer 15 is alternatively formed by heat-treating a 
substrate 20. 

[0004] Then, the wet etching which used the fluoric acid which had the natural oxidation film (not 
shown) formed on the gate electrode 13 and the diffusion layer 15 diluted removes. Then, as 
shown in drawing 5 (b), Ti film 19b is formed by about 300A thickness on these front faces by 
sputtering. 

[0005] Then, as shown in drawing 5 (c), Ti silicide layer 17 of 49 layers of C which consists of 
TiSi2 of high resistance is formed in the field to which the field where Ti film 19b and the gate 
electrode 13 touch, and Ti film 19b and a diffusion layer 15 touch in self align by heat-treating to 
a substrate. Since it has heat-treated under nitrogen-gas-atmbsphere mind at this time, the TiN 
layer 1 8 of thickness with a divisor of 1 0A is formed in the front face of Ti film 1 9b. 
[0006] Then, as shown in drawing .5 (d), unreacted Ti film 19c on the component demarcation 
membrane 11 and the side-attachment-wall insulator layer 12 and the TiN layer 18 are removed. 
Then, Ti silicide layer 17 of high resistance is transferred to Ti silicide layer of 54 layers of C 
which consists of TiSi2 of low resistance by "heat-treating under nitrogen-gas-atmosphere mind 
to a substrate. Thus, in the conventional semiconductor device, the front face of a diffusion layer 
15 is formed into low resistance, and improvement in the working speed of a component is aimed 
at. 

[0007] However, in manufacturing a semiconductor device by the manufacture approach shown 
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in drawin g 5 , there is a trouble shown below. That is, the secondary electron contained in the 
plasma etc. at the time of sputtering may run through gate oxide 14 from Ti film 19b, and may 
flow to a substrate 20. Thus, if a current flows between Ti film 1 9b and a substrate 20, the 
insulation of gate oxide 14 will be destroyed and it will result in a poor proof pressure. Thereby, 
, while the dependability of a semiconductor device falls remarkably, the manufacture yield of a 
semiconductor device falls. 

[0008] Then, the approach of forming Ti film using the usual not the sputtering method but 
collimation sputtering method is proposed as an approach of preventing destruction of the gate 
oxide 14 by electrification of a secondary electron. Drawing 6 is the mimetic diagram showing the 
usual sputtering method by DC magnetron, and drawing 7 is the mimetic diagram showing the 
collimation sputtering method. As shown in drawing 6 and drawing 7 , the target 31 is arranged in 
the sputtering system (not shown), and the cathode magnet 36 is arranged, on the top face of 
this target 31. And on the stage 34 arranged under the target 31, after arranging a substrate 33, 
the plasma 32 is generated between a substrate 33 and a target 31, and Ti film is formed on a 
substrate 33. The membrane formation approach of this Ti film is the same, when using the usual 
sputtering approach and using the collimation sputtering method. 

[0009] However, since the plasma 32 is generated by right above [ of a substrate 33 ] when 
using the usual sputtering rhethod as shown in drawing 6 , a secondary electron tends to jump 
into a substrate 33. On the other hand, in the collimation sputtering method shown in drawing 7 , 
the collimator 35 is arranged between a substrate 33 and the plasma 32. In case two or more 
holes which penetrate this collimator 35 in parallel with that direction of board thickness are 
prepared and the plasma 32 passes the hole of a collimator 35, the trap of the secondary 
electron from the plasma 32 is carried out to a collimator 35. Therefore, it. can control that 
dielectric breakdown of gate oxide 14 shown in drawing 5 occurs. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] Since according to this invention the membrane formation conditions . of 
the metal membrane formed on a component are specified appropriately and the continuation 
film is formed even after [ of membrane formation initiation of a metal membrane ] 1 second as 
explained in full detail above, destruction of the insulator layer generated when a metal 
membrane is charged can be prevented, and, thereby, a reliable semiconductor device can be 
manufactured by the high yield. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, since Ti film adheres to a collimator 35 and 
the path of a collimator 35 contracts in using the collimation sputtering method shown in drawing 
7 , amendment of a membrane formation rate is needed with consumption of a target, and there 
is a trouble that/management is difficult. Moreover, since Ti film adheres to a collimator 35, the 
consumption effectiveness of a target falls and a manufacturing cost rises. These serve as a big 
trouble, when manufacturing a semiconductor device in large quantities. Originally, even if the 
collimation sputtering method is the case that the aspect ratio which shows the depth of the 
hole to the path of the hole formed in the substrate front face is large, it is an approach for 
forming the film in the state of good covering on the base of a hole. Therefore, in the formation 
process of Ti film with which high covering nature is not demanded, using the collimation 
sputtering method has few advantages, when an above-mentioned trouble is taken into 
consideration. 

[001 1] Thus, if the case where a semiconductor device is mass-produced is taken into 
consideration, even if it is desirable to form membranes by the usual sputtering method as for Ti 
film for forming Ti silicide film and it uses this approach, it is required that the manufacture 
approach of a semiconductor device which dielectric breakdown of gate dielectric film 14 does 
not generate should be established. 

[0012] When this invention is made in view of this trouble and it forms a metal membrane on the 
component of a semi-conductor substrate front face, it aims at offering the manufacture , 
approach, of the semiconductor device which can control that the insulator layer of a component 
is destroyed by the secondary electron of the plasma. 
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[Means for Solving the Problem] In the manufacture approach of a semiconductor device of 
having the process at which the manufacture approach of the semiconductor device concerning 
this invention forms a component on a silicon substrate, and the process which forms a metal 
membrane on said component, the formation process of said metal membrane is characterized 
by being carried out on the conditions from which the metal membrane which continued even 
after [ of membrane formation initiation ] 1 second is obtained. 

[0014] As for this metal membrane, it is desirable to form membranes on the conditions which 
could form by sputtering and set direct current power to 4 thru/or 10kW in this case. Moreover, 
said metal membrane can also be formed by plasma chemistry vapor growth. 
[0015] Furthermore, said metal membrane shall consist of at least one sort of metals chosen 
from the group which shall consist of a metal which reacts with silicon and forms metal silicide, 
for example, consists of Ti, Co, nickel, Mo, W r and Ta. 

[0016] Furthermore, the process which forms a component on said silicon substrate can have 
the process which forms an insulator layer alternatively on said silicon substrate, the process 
which forms a gate electrode on said insulator layer, and the process which forms a diffusion 
layer in the front face of said silicon substrate again. 

[0017] In addition, in this invention, the continuous film means [ be / it / under / graph / which 
took the sheet resistance of a metal membrane to the Y-axis, and took sputtering time amount 
to the X-axis / setting ] the case where the actual measurement of the sheet resistance by 
sputtering time amount is approximated by formula Y=a/X (a is a constant). However, this actual 
measurement does not need to be on the above-mentioned formula strictly, and an actual 
measurement should just be in less than **40% of range from the above-mentioned formula. 
[0018] As a result of doing experiment research variously, when a metal membrane was formed 
on a component by the conventional, manufacture approach that this invention person etc. 
should prevent destruction of the insulator layer by the secondary electron of the plasma, in the 
early stages of memb rane formation, that a metal membrane adheres to a component front face 
as island-like discontinuity film found out that it was the cause of dielectric breakdown. That is, 
as shown in drawing (a), after starting membrane formation of Ti film (metal membrane) 19a, in 
early stages of 2 thru/or the membrane formation for 3 seconds, Ti film 19a adheres to a 
component front face as discontinuity film of an island condition, and continuous Ti film is 
formed after that. Since discontinuous Ti film 19a in early stages of [ this ] membrane formation 
is in the condition of having floated electrically, the secondary electron contained in the plasma 
for sputtering etc. is charged in Ti film 19a, and the local charge up of high potential happens. 
Therefore, when charge-up potential is raised more than a certain threshold, it runs through the 
insulator layer 14 which exists under Ti film 19a, and a current flows to a substrate 20. 
Especially discontinuous Ti film 19a formed on the gate electrode 13 will run through gate oxide 
14 through the gate electrode 13 which has floated electrically, and a current will flow to a 
substrate 20. Therefore, the insulation of gate oxide is destroyed and it results in a . poor proof 
pressure.. 

[0019] Then, in this invention approach, the continuation film was obtained in early stages of 
membrane formation. That is, in this invention, as shown in drawing 4 (b), even after [ of 
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membrane formation initiation of Ti film ] 1 second, it is the conditions in which continuous Ti 
film (metal membrane) 6a is formed, and Ti film is formed on a component. Therefore, since the 
local charge up does not occur even if the secondary electron generated by the piasma etc. is 
charged in Ti film 6a, it can prevent that gate oxide 4 is destroyed and, thereby, a reliable 
semiconductor device can be manufactured by the high yield. 
[0020] 

[Embodiment of the Invention] Hereafter, the semiconductor device concerning the example of 
this invention is concretely explained, with reference to an attached drawing. Drawing 1 (a) 
thru/or 1 (d) are the sectional views showing the manufacture approach of the semiconductor 
device concerning the example of this invention in order of a process. As shown in drawing 1 (a), 
the component demarcation membrane 1 which consists of an insulator layer is alternatively 
formed in the front face of the semi-conductor substrate 10, and this divides a component field. 
Next, on the front face of this component field, after carrying out sequential membrane formation 
of an oxide film (not shown) and the polish recon film (not shown), the gate electrode 3 which 
consists of the gate oxide 4 and the polish recon film which consist'of an oxide film is formed by 
carrying out patterning of these to a gate configuration by the lithography method and the dry 
etching method. Then, the side-attachment-wall insulator layer 2 which becomes the side- 
attachment-wall section of the gate electrode 3 from the oxide film which remained is formed by 
forming an oxide film (not shown) all over these, and carrying out the etching back of this oxide 
film. Then, ion is poured in from these upper parts and a diffusion layer 5 is alternatively formed 
by heat-treating a substrate 10. 

[0021] Then, the wet etching which used the fluoric acid which had the natural oxidation film (not 
shown) formed on the gate electrode 3 and the diffusion layer 5 diluted removes. Then, as shown 
in drawing 1 (b) and 1 (c), Ti film 6a is formed by the sputtering method on. these front faces. In 
this example, Ti film 6a is formed using common DC magnetron sputtering system, the pressure 
of for example, Ar gas of membrane formation conditions is ImTorr, and DC power (direct 
current power) is 4.4kW. Under these conditions, in the membrane formation early stages of after 
[ of discharge starting ] 1 second, as shown in drawing 1 (b), Ti film 6a is the continuation film, 
and even if the secondary electron generated by the plasma for sputtering etc. is charged, the 
local charge up is not started. Then, Ti film 6a of about 300A thickness is. formed in the whole 
surface by carrying out sputtering succeedingly. 

[0022] Then, as shown in drawing 1 (d), Ti silicide layer 7 of 49 layers of C which consists of 
TiSi2 of high resistance is formed in the field to which the field where the gate electrode 3 
touches Ti film 6a, and Ti film 6a and a diffusion layer 5 touch in self align by using a lamp 
annealer and carrying out heat treatment for 30 seconds at 700 degrees C under nitrogen-gas- 
atmosphere mind. Since it has heat-treated under nitrogen-gas-atmosphere mind at this time, 
the TiN layer 8 of thickness with a divisor of 10A is formed in the front face of Ti film 6a. 
[0023] Then, as shown in drawing 1 (e), the water solution of ammonia and hydrogen peroxide 
solution removes unreacted Ti film 6b on the component demarcation membrane 1 and the side- 
attachment- wall insulator layer 2, and the TiN layer 8. Then, Ti silicide layer 7 of high resistance 
is transferred to Ti silicide layer of 54 layers of C which consists of TiSi2 of low resistance by 
using a lamp annealer and carrying out heat treatment for 10 seconds at 850 degrees C under 
nitrogen-gas-atmosphere mind. 

[0024] In this example, as shown in drawing 1 (b), in case Ti film 6a is formed by sputtering, also 
in thie membrane formation early stages of after [ of discharge starting ] 1 second, an island 
condition will not be dotted by Ti film but it will turn into continuation film. Drawing 2 is the 
graphical representation showing the sheet resistance of the case where took sheet resistance 
along the axis of ordinate, took sputtering time amount along the axis of abscissa, and sputtering 
power is set to 4.4kW, and the case where sputtering power is set to 1.1 kW, and the relation of. 
sputtering time amount In addition, in drawing .2 , the actual measurement of the sheet 
resistance by sputtering time amount when O sets sputtering power to 4.4kW is shown, and ** 
shows the measured value of the sheet resistance by the sputtering time amount at the time of 
setting sputtering power to 1.1 kW. Moreover, in drawing 2 , since sputtering time amount is 
proportional to thickness, it can also be considered that an axis of abscissa is thickness. 
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Generally, the sheet resistance and thickness of the continuation film have the relation shown in 
the following formula 1, and sheet resistance and thickness have the relation of an inverse 
proportion. 
[00251 

[Equation 1] Sheet resistance = specific resistance / thickness, however specific resistance are 
fixed. 

[0026] Fitting [ with the least square method ] using approximation function Y=a/X equivalent to 
the above-mentioned formula 1 as sputtering power is shown in the continuous line 21 in drawing 
in this example set to 4.4kW. That is, when sputtering power is set to 4.4kW, Ti film which 
continued 0.2 seconds after starting discharge is formed. On the other hand, if fitting is similarly 
carried out using approximation function Y=a/X when sputtering power is set to 1.1 kW, as shown 
in the continuous line 22 in drawing, a surveying point and a fitting curve will shift greatly. This 
shows that a part of surveying point has not satisfied the above-mentioned formula 1. 
[0027] Then, if fitting is carried out except for the surveying point of about 3 seconds after 
about the case where sputtering power is set to 1.1 kW, using approximation function Y=a/(X-b) 
after starting discharge, as shown in the wavy line 23. in drawing, an approximation function and 
an actual measurement are in agreement like the case where sputtering power is set to 4.4kW. It 
is shown that the removed surveying point has not satisfied the above-mentioned formula by 
this. That is, when sputtering power is set to 1.1 kW, after starting discharge, the continuation 
film is not formed in about 3 seconds, but being dotted with discontinuous Ti film of an island 
condition on a component is shown. In addition, if spacing of the adjacent film and the adjacent 
film is several angstroms thru/or several 10A even if it is the discontinuity film with which it is 
dotted, since a current will flow according to the tunneling effectiveness also on several V 
electrical potential difference, it can measure as sheet resistance. Then, in this invention, it is 
considered that the film with which it continued when the actual measurement of the sheet 
resistance by sputtering time amount was approximated by formula Y=a/X (a is a constant) was 
formed. However, this actual measurement shall not be on the above-mentioned formula strictly, 
and an actual measurement shall just be in less than **40% of range from the above-mentioned 
formula. 

[0028] Drawing 3 is the graphical representation showing the defect incidence rate at the time of 
taking the defect incidence rate of gate pressure-proofing along an axis of ordinate, and forming 
Ti film by different sputtering power. In addition, the defect incidence rate was compared, when 
Ti film for forming Ti silicide layer on the example conditions (sputtering power: 4.4kW) in which 
the continuation film is formed even after [ of membrane formation initiation ] 1 second was 
formed, and when membranes were formed on the example conditions of a comparison 
(sputtering power: 1.1 kW) that discontinuous Ti film of an island condition is formed in about 3 
seconds after carrying out membrane formation, initiation. 

[0029] The measuring method of a defect incidence rate is explained below. First, after 
producing the test piece of the structure shown in drawing 1 (a) as a test pattern, the formation 
and removal of Ti film by sputtering are carried out on the front face, and the seal of approval of 
the electrical potential difference of 0 thru/or 12V is carried out in adjustable between a gate 
electrode and a substrate. At this time, the electrical potential difference on which dielectric, 
breakdown of the gate oxide is carried out, and a high current flows is measured, and the case 
where this electrical potential difference is less than [ 3V ] is judged as a defect. And the 
number of defects to the number of point of measurement is calculated as a percent defective. 
In addition, in the case of the normal gate oxide by which dielectric breakdown is not carried out, 
it depends also at the thickness and area, but thickness is about 100A, and if area is 2 about 
. 32mm, the pressure resistance of about 10 V can be acquired, for example. 
[0030] As shown in drawing 3 , when Ti film was formed having used sputtering power as 4.4kW, 
since it was the conditions in which Ti film which continued even after [ of membrane formation 
initiation of Ti film ] 1 second is formed, this condition had the very low proof-pressure percent 
defective of gate oxide, and became 0.58%. On the other hand, since the discontinuity film of an 
island condition is formed in about 3 seconds after starting discharge when Ti film is formed 
having used sputtering power as 1.1 kW, a percent defective becomes 14.53% and the. percent 
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defective is increasing by about 25 times as compared. with an example^ Thus, on conditions in 
which the continuation film is formed even after [ of membrane formation initiation ] 1 second, if 
ti film is formed by sputtering, the effectiveness, which controls generating of the poor proof 
pressure of gate oxide can be acquired, 

[0031] In addition, in the-.example shown in drawing 1 /although conditions in which the 
membrane formation rate of Ti film is raised and the continuation film is formed even after [ of 
membrane formation initiation ] 1 second by making DC power higher than the conventional 
range were set up, conditions other than DC power may be changed in this invention. For 
example, if it is the conditions which can form the metal membrane which continued /even after 
[ of membrane formation initiation ] 1 second even if it optimizes other membrane formation 
parameters, such as gas pressure at the time of sputtering, or uses the approach of optimizing 
the cathode magnet for discharge, the same effectiveness as the case where sputtering power is 
set to 4.4kW can be acquired. 

[0032] Moreover, in this invention, although the above-mentioned example showed the case 
where sputtering was used as the membrane formation approach of Ti film, even if it forms Ti 
film for example, on the conditions specified to this invention using a plasma-CVD method etc., 
the same effectiveness can be acquired. Furthermore, in the above-mentioned example, in order 
to form Ti silicide layer, the conditions at the time of membrane formation of Ti film were shown, 
but in this invention, for example like Co, nickel, Mo, W, and Ta, if it is the metal membrane which 
reacts with silicon and forjns a silicide layer, the same effectiveness can be acquired. 
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DESCRIPTION OF DRAWINGS 
[Brief Description . of the Drawings] . 

[Drawing 1] (a) Or 1 (d) is the sectional view showing the manufacture 'approach of the 
semiconductor device concerning the example of this invention in order of a process. 
[Drawin g 2] It is the graphical representation showing the sheet resistance of the case where 
took sheet resistance along the axis of ordinate, took sputtering time amount along the axis of 
abscissa, and sputtering power is set to 4.4kW, and the case where sputtering power is set to 
1.1 kW, and the relation of sputtering time amount. 

[Drawing 3] It is the graphical representation showing the defect incidence rate at the time of 
taking the defect incidence rate of gatei pressure-proofing along ah axis of ordinate", and forming 
Ti film by different sputtering power. 

[Drawing 4] (a) is the sectional view showing the initial state of the metal membrane at the time 
of forming a metal membrane on a component using the conventional manufacture approach, and 
drawing 4 (b) is the sectional view showing the initial state of.the metal membrane at the time of 
forming a metal membrane on a component using the manufacture approach concerning this 
invention. 

[Draw in g 5] (a) Or 5 (d) is the sectional view showing the manufacture approach of the 
conventional semiconductor device of having aimed at improvement in a working speed using Ti 
silicide layer, in order of a process. 

[Drawing 6] It is the mimetic diagram showing the usual sputtering method by DC magnetron. 
[Drawing 7] It is the mimetic diagram showing the collimation sputtering method. 
[Description of Notations] 

1 1 1; component demarcation membrane 

2 12; side-attachment-wall insulator layer 

3 13; gate electrode 

4 1 4; gate oxide 

5 15; diffusion layer 

6a, 6b, 19a, 19b, 19 c;Ti film 

7 and.17;Ti silicide layer 

8 and 18;TiN layer 

10 20; semi-conductor substrate 

31; target 

32; plasma 

33;, substrate 

34; stage 

35; collimator 

36; cathode magnet 
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mzmm LxmttmL<r>fa±.*m^m&<r>^wsm 
nwmj&£T.wmz^-tmmmx'h h . is (a> tc 

f^ffil 1 SraHRWteJ&fcU Ztiiz X 0 . 

( H^tt-r ) siw u v u a ( H^-r ) *«aas 

M-fLM* 1 4> y- h SNUB! 1 4 Xtf # u >J 3 

mvstttM (m^tr) zmfcL. znffitmz^yi- 
y?'^v7-tz>zbiz£K). 7-hmmi 3<mata 

o & £ k o . fcHX« 1 5 imvfi&m 
c o o o 4 3 %<wk. hnm i 3&vtmm i 5± 

1115(b) t^-Tctd^. x^.^'jy/tj:0, 

c o o o 5 ] *<ntk. 05(c) iz^-rx o iz, muz 
ttLxfmmzmm't&zbt.zi:*). tiki 9b ty 
- hmm 1 3 b&miLx^hfflmxfiT i mi 9 b t 

SSSOl l 5 k*«satLTV^a«t:. ffiffi^T i s i 
atTV^cOT% TiJRl9bW«W(c*HRl OAeoK 

J¥ot i i aumj&zti*. 

C 0 0 0 6 3 Z<7)&. 05(d) t^-fj; 3 
MR 1 1 &WS0®ii&fiJgl 1 2 ±C7)*KJE(7)T iI19c 
RXfT i N® 1 8^^*-r4. -e^. SlRfcWLT. 

mmnm&Tiz&^x > ^a^nsrr i 1 1= «t o , 

ftSCi^T i ^'J-f-f h'Jl 1 7 SrffiStiiOT iSi 2 ^ 
^=5r4C5 4Jfc7)Ti KJitae^S-fr*. 
idttT. «*<02|4WWHift:tJV^tt, ifetic® l 5 

CO 00 7 ] L^L. E5izmW&mzJ:*)zm#; 
mWZWm-t&W&lzli. V.TlZ7rctfgmM.tf$>&. BP 

2 <^^T ill9bK^- MMt« 1 4 

ifX, m®L2 0lZffi,tl&Zbtf$>h. ZCDZoiz^ Ti 

Mi9bts«20i: <eisre*att*a&h.* t . y- hit 

C 0 0 0 8 3 fit, 2 J: * y- hS?-fb 
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yymx^ < . 3^-h^ 7 ^ij y rmzmm u 

sSEITfc h, 06 S.t/0 7 te^-r J: a £ . -? 

(BKtfrf > rttett^-^v h3 uweasivc 

h3 6#I2g$*vrv^. -f-tTs ^-^-y b3 1<7)T 

ft. aEK3 3fc^7h3 1k «IBfc75X7 3 2 £ 
3 3lhfc:Ti £<0T i 

[0009] {II, 06 te^rfJ: 3 te. il^Xvl -y ? 
'J ^^Sr^fflf *«3 3<0ilhfc75X 

IzH V ii. 3 3 r 9 X V 3 2 i: <Q|BJte n U ^ - 

COT'* 0 . 75X7 3 2 W-^3 5 tf)?L£5I3frt 
SBC 75X7 3 2^2 WMTifi ayx—?35 
lZh?v7Zti&, fct, ll5CKf^-hBHUSIl 
4 <Ol6»IWSfc6*5l^* i fc £?Pf6iJ-r £ £ t <§> . 
[00 10] 

[fSW^JWftLJ: 5 fc^*WH] H7te 
ny^-^3 siznmtfttmLx. xV*—?35e> 

mmA^th<^x\ 7-?v h^ec#oTMi/- 

. *Jt. 3 y 3 5 teT i jgm&t+h<?> 
x\ f—yvhcommwmtfi&TL. m&3xhw±& 

Sr^-rrx^.^ haw** *> . *- 

site ±iB<oraaa**j(W4 t . Mjsswb ^. 
[ooii] icoi at. ^j$tfsg|g£*gr?-!>it-£-£ 

i*. ii?g<w?>y ? y y?mz& *)f&m-r& - 1 #2* 
[0012] *ft,Wtefrfr&fflm&lz&*.x%i$titzi> 

(DX'fo ~> X . ¥**3HE«[B03rF±te 



§*§^-te. r7X7(02<^f(:j:-5tii 1 «i^ 

[00 13] 

commumte. ^ y 3 ^s^hte^sr^-r^xs 

mzm?±.iz&mmMfct&xuk. 
##^scot?jt^ate*5v-»-c, Btrta^JRMco^xa 

[0014] i<oA«fflKixyt v ? u y^tei wit 

S £ f: **T' # . Z <Di§>-&. mMMlJ S:4BM10kWi: 

iiy'yX^t^m^f&^miz i 0 jgfiWS i t T'# 
S. 

[0015] ste. luie^JSMc ^y ^ytwMLx 

tfX*% . Miif s Ti N Co. Ni, Mo. WRX/T a 

[0016] mztti, musvzymtLkizmttM 
m-zjMtt* mz^v^ymmtiztmrnzmiRmiz 
mm-h tm t . m&mm±iz y mm zmm-z 

[00 17] ^jo. aJc^BBtetJV^Ts 5SRLfeJRfc«. 

YttteAJKUSoS'- hSiitSr t D . xf*tex^--y ^ y y 

teiS^-hSfit^ilW^. m^Y=a/X (a{4^ 
lie) -C5fi(KSixS*^SrV^. -fit. i^aMSf±KW 
te±taR^±te*&ifijsti*<. ±IM^±4 0% 

[0018] *Ifff* ! 7'7X7^2<Xlf(:J: Site 

nmco®mz®)±-?^< . a^n^w^t^^. as* 

<^RJt^teJ:0^±te^«R*JBB£Lfe»^{±. j£ 

*B5te««-rsifc*« s mmmoyjmx'&zztZM. 
^taLtz. 14 (a) te^-r^ate. nm <a 

«M) 1 9 aC0jffl&*fmLXfrt>2Jbm.3®ffl<0fm: 

nmx-ii. Tin 9 aitf&tmco^mmk txm^ 

Z<r>ffimnMcVT-mM%T imi9 a(4. «R«fc»Vi 
•CV^SttSR-Cfc-SiOT. ZJ*? f 'J ^/ffl<0T5X7^ 
te^r^^S 2;^lWiIl 9 ate^*L. J^BfW* 
AmficOf-A'-^T -y l> . ta!oT. *SL*V^ 

mUitef-^-^'r -y r«fi*^^4>ft^i^te. t i jr 

1 9 acOTte^E-rSteiiiMl 4 Sr^#feftT. SK2 

0 te«8E3&«aEh.& . #te. ^-h^fiii 3±te^§ti 

ttft&SMtT iRl 9 a (4. S^W^^V^y-h 
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[oo-i9] -ec-c, ^mi-m&z&^xte. im<r#B 

T»i. 04(b) izyprrx o (c. T i KOjfiMHRft^^ 
l#mtfC iSRLfcT i H (£KJ1> 6 a^«§ 

X^gtfcJ: Of&fe-TS 2iW8-?**T i!6a LT 
[0020] 

S. HI (a)Ml (d) U3M*>gtltft[icffi«¥ 

( a ) t^-rJ; a tc, i o<ofEffit8s»B&&» 

b*h*frwm i t»wfc»jftu 9 . m 
=Fm®zm.mi-$>. mz. z.<rm=&m<oms±.tz* m 
im (suwf) a^y^ua^K (h^jw ) 
<Xf&m W:f£. i *t£> * y y ^ 7 < mm/ v^^^-y 
1-yymizx y y- vmmz^?-=.y7-?& ~ t izx 
9 . t>%&y-h mim 4 rx/k y y y a >m. 

BtdMUR (HSW) fc»*U ^«l«Sx 7 f 
Ztit><7)±3ifrb4*y*&XL. WSLlOHm 

wth zti/zx 0 . mm 5 taHWte»ijW4 . 
[0021] y- hnm3RVtimm 5±.izm 

hi (b)avi ( c ) K^-r <t a zti$>comm± 

tTil6a^A' 7 ^ijy/Stii)Mn. *H 
ffiWtcfcwtij, TiJRea^HRWSrDCv^hn 

mt. mtH. A r tfXeomXtf lmTorrt^^ 

hi (b) iz7j<i-£ot,z^ nf&6 atfmsmt* 
->xa y s x^-y ? y y^ffl(7)77X7ftJ: y?g£-f 

-SihlCctO. »3 0 0AOUlOTil6a^I(: 

[0022] -ecof^, hi ( d ) t^-r J; a 5 
oxre 3 o^ia^s«waa?&smrt-4 ^ktiD, tii 

6aty-ftfi3 L T V ^ ffi«2St^ T i JR 6 a 



fc*MOT5 fc#£MLTV%*«JSfc:, iSSSt^T i S i 
2 *^^r-S»C4 9®WTii/'J-9--f KJ17#g5fi-£tfJ 

fcy&ssfia. zcotz. mmmwt&Tizii^xfmm 
lx\^<ox\ nme a-commizmmi o xcoms^co 

T i NJf 8#^j££ix€>. 

[0023] %<m.. hi ( e ) iz^ct «fc a fc. 
sm i mfmmmm. 2 ±o*rjs<7)t i^6b &tf t 
iNi8^7 y^-rt m$tfw.m*b coTkmmxmi: 
•th. f<oa, 5y77--;^SJffifflLt, SSI? 

S i b t,z£ 0 . «Siit<7)T i >-y -9--f 7 
[0024] ^JfiWfcfc^TfS. Hi ( b ) feSsrf «t 

^IBtefcoT. xn7^U^V-S:4. 4kWi: 
Lfc«^k . x^N'-y ^ U ^ 1 . 1 kWi: t?t 

hasfitk>vt y ^ y >-^B§P5oM^^^-r 

^^N°V-Sr4 . 4 kW£ L^V-^)X^C<y ^ 'J>y^f 

^^V-Sr 1 . 1 kWi: Lfe^co^t y ^ y V^WhT 
lz£&is-hW.ifLC?)mim*?i<t. it:. !2{:fe-v^ 

■Cs x^*«y^yy^^{iMi?fcit0iJLrv^<oT\ m 

[0 02 5] 

[0026] XKy ^ y y^N*y-Sr4 . 4 kWi: Lfc 

^ufcWfcfcv^Tti. H+coiiis2 lt^-riat. ± 

{4. SS(«2r^tT^^0. 2#«t3V^Tt, JSfgL 
fcT i JRj&«JgjjtS*T.« 1 . — ?3\ ^/-?-y ^ y y^^-^ 
1. lkWtL/S«^tC. 3fi«M»Y=a/X*ttfflL 

[0 027] -t£T. X^N'y^yy^/NV-Srl. Ik 
Wh L^COV^, Sc«^i3^tT*^^3fM^ 
»Ste5rl^V^T, afi«M^cY=a/ (X-b) SrffifflL 
t7-f 7f •( y^S-tt-Si:. H+^»JI2 3{C3ir^J:3 
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W*>. * U y^V\°y-Sr 1 . 1 kWi; bfc* 
, IH*& LT 3 IMBIb *J V (£3SUlg 

fc, »9-&dilfcBlt<OBIBI*«AJliM»10A-C<Mt 

[00281 13 IMCf- hWffiWWSiWfc 
0 . Wflr&x/'Cy * y y/n-y-tT i JH^jSiRtfc* 

ttRBMM*^ l#^tTtc^El^*^$ixl»^ 
Jftflfefett (^s*-y * V vynv- : 4 . 4 kW) X'T i 

i M^'ffM§tLl>J:b^J^ (X^'y ? 'J V*Ot*7 
- : 1 . 1 kW) X'f&mttziMZ t l,Zi5\^XtiMLtz . 
[0029] 3FJSt«*a(W)«jeSSSCo^T. JSTtaK 

nrr s . hi ( a ) t^^jtcoissytsrxx h 

m xhn m^mmx/m^mmtx . y- h mm 
t mmt orat 0M12 v<DW±^^mzw^ 

nmzmm t . z 3 vot^^^i 

ft^t Lxmrt-z. mmmztix^^jEW; 
%y-hMfcm<7)i$&M±, zcr>mm%.xfmzi>Qm 

2 mm»-C*iUf s 3$ 1 0 VOjSfJEEttfcfc* i fc J^Tt 

[0030] H3t^-ri 5 (C, 9 U vyw— 
£4. 4kWfcLTTiK£j£RLfc*&fcl±. 

#H4, t i m>®$mmpt> \wm.x\z^m^tzT s. 
mimtf&ti&$iwxb&<7)x\ y-vw.im<mw& 
&mtfm>xm<. 0. ss^ofc. 

^^yy^y-^i. l kwt LTT i M£ 

fmLWteMi* imzmi;LxfrL>m3 : ®mz&^ 
xMjm<7)^m$imtfB!&.ztix^h<Dx\ *amw 1 

4. 5 3%fc£9. SS»Wfc^LT^&*WIS;2 5« 

izmgtiwm&zti& x 0 &$tfrx\ x/^y 9 y y^'tc 

[0031]^, 11 fc^mttWfcfcVvttt, D C 



^7-Z%mcr>!m£>0hm<-tZ>Z\tl l z£r). Tii 
OSSRI/- h £±#£ itX , j£HBRHto> 4. 1 »«itic 

fcV^Tti. D CA'7-WI-^5M§tt i, i v\ 

[ 0 0 3 2 ] 4fc, ±IB^itS^JTii. T i fflttf)jSBEJ5ri£ 
fc Ltx^n° >y ^ y ynmm Ltim^iz-o^x^Ltz 

V^TIi. T i i/VVJ )*m*Bf&i-2>tz#>T i Kct)^M 

mn&mz^xvkittK ^wjuz&^xiz. mt 

(f. Co. Ni. Mo. WRVTa^Oiat, y'J3 
[0033] 

^HR^isBniRfr^^ 1 m^x^zmmtfrnfoistLh 
x o iz-t& <vx\ &mmmmt& z t izx o^-rs 
tmmcD®mitm±~tz> z t . ztnz x *) 1am 

h, 

[HI] (a)Ml ( d ) {i*»H8<3!SJfcfiW=«*¥ 

[02 ] »(:•>- bSiitS- k 0 , «Wtc^v'?.y ^ y y 
^WalSrkot. X/s' y^y £4 . 4kWt 

L/£*B^-k , X^\-<y ^ y y^t^— * 1 • 1 kWk t/c 

[H3] mmizy-vm&^&mLm* t o . n** 

[04 ] ( a ) !4fl!#«0S{j£&i£&ttffl LTS^±^ 

mm&m Lti^^mmco^am^m^-rmmmx' 

04 (b) !4*J«Bfcffi*«3ftfrifefc«fflLT* 
BfB0TftS„ 

[05] (a)Jl,I5 (d) {JTivy^ h'JiSr^Jffl 
LrtWa£^[^±Sr0o^^^^f*^BW!g3t^r 
^SrMiIfc^-rBfW0T* •& . 
[ 0 6 3 D c Y a >-tc«J: S Jl?£oxy n- . y ^ y y? 

m^^m^mx'hh. 

[07] rjy^-N^yN' v ^yy^a^^-r^0T^ 
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